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Introduction
There is a large empirical literature which documents life cycle patterns of household expenditure, and in particular, the pro…le of expenditures (or "consumption") as households move into retirement and later life. Life cycle patterns of expenditure are of interest for a number of reasons. First, the life cycle model developed by Modigliani, and its many modern descendents, form the basis for much economic analysis, in public …nance, macroeconomics, and other areas. This class of models suggests that households should pursue smooth consumption paths. Thus, a failure to smooth consumption between, for example, working life and retirement, would represent a key challenge to the life cycle framework. Second, falls in consumption in later life represent not just a challenge to an important economic model, but signi…cant welfare losses. If the combination of current public policies and private preparations do not allow households to maintain an appropriate standard of living in retirement, this is a matter of considerable policy concern. Finally, as populations throughout the developed world are rapidly aging, forecasting future demand patterns necessarily requires an understanding of age e¤ects on both the level of total spending and the allocation of that spending across di¤erent goods and services.
This large literature has been almost entirely concerned with life-cycle patterns of nondurable expenditure. It documents a distinctive drop in nondurable expenditures at retirement entry; see Aguiar and Hurst (2005) and (2009) Smith (2006) . It is now widely agreed that for the majority of households this drop can be explained by increased home production and the cessation of workrelated expenses. Only among households in the lower wealth quartiles do we see large expenditure drops that give rise to concern about well-being at older ages; these drops are often associated with unexpected health shocks leading to early retirement and thus imply a reduction in lifetime resources. In addition to studies of nondurable expenditure, there is also a well developed literature on life cycle patterns of housing arrangements, and, in particular, the degree of 'downsizing'in later life; see, for example, Banks, Blundell, Old…eld and Smith (2010) . Housing is a very important durable, but it is also unusual in a number of respects, most notably because it combines features of a consumption good with those of an asset.
In contrast, life-cycle patterns of durable, non-housing consumption have been little studied. Durable, non-housing consumption is an important component of total household expenditure. Durables and semi-durables (excluding clothing) account on average for about 20% of total non-housing consumer spending of those above age 40. 1 Moreover, expenditures on non-housing durables have been shown to behave quite di¤erently from nondurable expenditures at higher frequencies; see, as one example, Browning and Crossley (2009) . Thus the lack of studies of the pattern of durable, non-housing expenditure at life cycle frequencies is an important gap in the literature.
In this paper, we partially …ll this gap. We employ longitudinal data on households'spending on durable goods from the British Household Panel Study (BHPS) between 1997 and 2008 to study life-cycle patterns of durables expenditures. We focus on two categories of durables: white goods or appliances (freezers, microwaves, dishwashers, washing machines and tumble dryers), and consumer electronics (personal computers, CD players, TV's, VCR's, phones, cable TV and satellite dishes).
We shall be particularly concerned with identifying pure age e¤ects in the demand for durables. If it is the case that the taste for durables is declining in later life at a faster rate than the discount factor then households will not need to save as much for retirement as if preferences are 'stationary'. Thus the presence of a 'pure'age e¤ect for appliances or electronics would entail revision of calculations on how much households should be saving for retirement. As we shall see, the raw data suggest strong negative age e¤ects. However, these could be due to a combination of three factors: pure age e¤ects; age-related changes in household composition, labour force status, or health conditions, or cohort e¤ects. It is only the former that would require revision of calculations of how much expenditure is needed for old age.
A complementary goal of the paper is to document how demands for these goods A preview of our …ndings is as follows. First, we …nd strong evidence of a time trend in the user costs for both appliances and electronics. The presence of a trend in user costs suggests that the Deaton and Paxson (1994) procedure is not appropriate and motivates our use of an alternative approach which accounts for time e¤ects by explicitly modeling user costs and changes in user costs. In our descriptive cross-sectional analysis we …nd strongly decreasing expenditures for appliances and consumer electronics as household (heads) age. These declines are much larger for electronics than for appliances. However, when we estimate our model of demand we …nd that the downward-sloping age-speci…c pro…le of appliances demand is entirely explained by cohort e¤ects. Once we condition on these, there is no age e¤ect. For electronics, conditioning on cohort reverses the cross-sectional pattern so that demand for electronics rises with age. We …nd no e¤ect of user costs on the demand for appliances (suggesting that the demand for appliances is very price-inelastic). We …nd modest but statistically signi…cant reductions in the demand for electronics with increases in the user cost. We …nd signi…cant e¤ects of household size and composition in the demand for both categories of durables.
We …nd no impact of leisure or health status on the demand for appliances, but these variables have signi…cant e¤ects on the demand for consumer electronics. This highlights the importance of studying nonseparabilities between leisure or health and consumption at the level of disaggregated demands. While demographics (and in the case of electronics, user costs, leisure and health status) are signi…cant determinants of demand, they have little material e¤ect on the age pro…le of demands. Once we condition out cohort e¤ects, the age pro…les are quite robust to other changes of speci…cation.
In the next section we introduce the BHPS data which form the basis for our study. We also present cross-sectional age pro…les of durable expenditure. The rest of the paper deals with understanding these patterns. Section 3 derives the reduced form empirical framework from a model of frictionless durables adjustment. This section also contains our discussion of the identi…cation of age, cohort and time e¤ects, and presents our estimates of user costs. Section 4 presents and discusses our estimated age pro…les and other determinants of durables demands. Section 5 concludes.
2 Data and Cross-Section Pro…les Sterling at 1997 prices. For comparison we also present the age pro…les of monthly quantities (or real expenditures) of the non-durable good food (aggregated from food in and out of the household) 3 . We compare monthly quantities of food purchases to annual quantities of durable purchases so that they can be plotted on a common scale. The pro…les are based on pooled data from multiple years of the BHPS.
Real expenditures on food, appliances and electronics appear to fall with age. The fall is much stronger for electronics than for the other two commodities; food and appliances have a similar age pattern. These age pro…les are a compound of cohort, time and pure age e¤ects as well as changes due to changing prices, household composition and lifetime resources. We turn now to the identi…cation of the relative strengths of these e¤ects and, in particular, whether there are pure age e¤ects.
Empirical Speci…cation

Identi…cation and Prices
We seek to separate pure age e¤ects in the demand for durables from time and cohort e¤ects. We also want to control for household speci…c factors which are highly correlated with age, such as household composition. Thus we wish to estimate an equation of the form: d i;c;t = f (z i;c;t ) + A i;c;t + t + C i;c + e i;c;t (1) where d i;c;t is the quantity of a durable category purchased by household i in birth cohort c at time t; f (z i;c;t ) is a function of socio-demographics of the household (excluding age); A i;c;t is a set of age e¤ects, which describe the age pro…le which is our object of interest; t and C i;c are sets of, respectively, time and cohort e¤ects;
and e i;c;t is an error term with E[e i;c;t jz i;c;t ; A i;c;t ; t; C i;c ] = 0. It is well known that because age a = t c; the parameters of equation (1) are not identi…ed (on either panel or repeated cross-section data).
The age patterns in Section 2 confound age, period and cohort factors. For example, one candidate explanation for the age pro…les observed in Section 2 is the existence of cohort-speci…c tastes for durables. A second explanation may be the existence of period e¤ects, for example due to user cost or product changes.
In empirical studies of consumption and saving, the fundamental identi…cation problem in equation (1) is often solved using an approach proposed by Deaton and Paxson (1994) , which assumes that the time-e¤ects are mean zero and orthogonal to a (linear) time trend. This approach is adopted by Fernandez and Krueger (2005) and (2007) in their studies of life-cycle expenditures. Aguiar and Hurst (2008) overcome the fundamental age-cohort-time identi…cation procedure by setting all time e¤ects to zero. If the true time-e¤ects in the data contain a linear trend, either of these procedures will force that trend into both the estimated age and cohort e¤ects, resulting in bias.
One period-speci…c factor that likely a¤ects durables demand is cost, and so a useful starting point in considering potential period e¤ects in durables demand is an examination of the relevant prices and costs. The durables considered in this paper, especially consumer electronics, experienced quality improvements over time as they are subject to technological progress and product innovations. Since 1996, In a neoclassical durables model, the relevant price for the durables is not the purchase price but the discounted user cost (or rental price), v t :
where v t is the (nominal) purchase price of durables at the time t and r t is the (nominal) interest rate between t and t + 1: 4 We calculated user costs according to equation (2) using depreciation rates from the Bureau of Economic Analysis Fixed Assets Accounts (BEA, 2004) . Nominal interest rates are annual average rates of discount for three month Treasury bills from the Bank of England. Figure 2 shows absolute prices, (log) user costs, and changes in (log) user costs for appliances and electronics over our sample period. Whilst food prices display the usual increasing pattern, the prices of durables display a very strong negative trend. In our sample period, prices for appliances fell by almost 40%, while the price level for consumer electronics fell to one quarter of its 1997 price level. User costs depend on depreciation and the interest rate as well as changes in prices; they also show a signi…cant trend. As we shall develop below, while the demand for durables stocks will depend on the user cost, demand for durable purchases will depend on both user costs and user costs changes. Changes in (log) user costs in turn re ‡ect changes in the rate of price change. Formal statistical tests for linear trends in log user cost and its change over time con…rm that there are time trends in the log user costs of electronics and appliances but not in the changes. In the light of these results, the two identi…cation strategies mentioned above -the zero time e¤ects assumption or the Deaton Paxson approach -do not seem appropriate for our analysis. An alternative to placing statistical restrictions on the time (or age or cohort e¤ects) is to model one or more of these e¤ects with observable variables. For example, Kapteyn et al (2005) show that cohort e¤ects in Dutch household net wealth data are well captured by variables measuring productivity 5 Full results available on request. growth and social security generosity. We will follow a similar approach. We now look to theory for guidance in developing the speci…cation of equation (1) . In the next section, we …rst consider the implications of a neoclassical model of demand, and then consider the consequences of irreversibility and other departures from the neoclassical framework.
A Model of Durables Demand
Consider a neoclassical model of durables demand (see, for example, Deaton and Muellbauer, 1980, chapter 13) . In such a model, the desired current stock of the durable, S i;c;t , is given by:
Inverting equation (3) gives durables purchases in each period as:
where is the rate of depreciation of the durable. Equation (4) shows that there are two sources of demand for durables. The …rst is replacement; that is, replacing stock lost to depreciation, S i;c;t 1 . The second source is adjustment, re ‡ecting changes in the desired stock, S i;c;t . In the neoclassical model consumers accumulate their desired stock of durables instantaneously at the beginning of life and then future purchases follow from adjustment and replacement demands. Liquidity constraints and adjustment costs will slow down the initial accumulation of durables in early life so that accumulation demand may be relevant over a signi…cant age range; see Fernandez and Krueger (2007) . However, in the later half of life, which is our focus, replacement and adjustment are the primary sources of demand.
We assume that utility is inter-temporally additive and that within period utility depends on consumption of a composite nondurable good, health status h, leisure, l, household demographics z and the ‡ow of services from the durable good. As is standard, we assume the latter is proportional to the stock. For convenience we abstract from non-separabilities between nondurable goods and either leisure, health or durable services. However, we want to explicitly allow for non-separabilities between durables and leisure and health because we hypothesize that these may be critical to understanding patterns of durables demand particularly around retirement and in later life. For example, time-saving home appliances are substitutes for nonmarket time while many electronic devices (such as TVs, home computers and audio equipment) are complementary to leisure. We also introduce here a taste shifter, which we allow to vary across cohorts and with age: i;c;t = c + a : Thus within period utility from durable services and leisure is given by: u i;c;t = u(S i;c;t ; h i;c;t ; l i;c;t ; z i;c;t ; c + a )
The …rst-order conditions from the consumer's optimization problem relate the marginal utilities of leisure and the durable stock to the (appropriately discounted) marginal utility of wealth and the relevant price (again appropriately discounted). The …rst-order conditions from the consumer's optimization problem can be solved to yield Frisch (or marginal utility constant) demands for consumption, leisure, and the durable stock. Under certainty, forward-looking, utility maximizing consumers will endeavour to hold the marginal utility of wealth constant over time (and age) but the marginal utility of wealth will vary across individuals, and in particular the average marginal utility of wealth will di¤er across birth cohorts because of technological progress and capital accumulation. We denote the marginal utility of wealth by : Given the potential non-separabilities between leisure and durables services and health status and durable services, the (conditional) Frisch demand for the durables stock will depend on the level of leisure and of health. The conditional Frisch demand for the durable stock is therefore: S i;c;t = f (h i;c;t ; l i;c;t ; z i;c;t ; v t ; i;c ; c + a ):
Using this we can relate the Frisch demand for a durable stock (6) back to the determinants of purchases. The replacement demand depends on the level of the (lagged) stock, and hence on a-uence (that is, the marginal utility of wealth);
the taste for durable services; the user-cost; the amount of leisure and health; and demographics. Adjustment demand depends on changes in desired stock and hence on changes in the user-cost, changes in the level of leisure and health; changes in demographics and changes in the agent's taste for durable services.
Choosing a simple functional form, we write this Frisch demand as:
Equation (7) implies:
Substituting both (7) and (8) 
Note that there is a precise relationship between the coe¢ cient on the user cost and on the change in user cost (and similarly, there is a precise relationship between the coe¢ cient on household size and on the change in household size.) In both cases the ratio of the two must be the depreciation rate, . We use depreciation rates from the BEA Fixed Assets Accounts (BEA, 2004) to impose these restrictions (the same deprecation rates were used to construct the user costs in the previous section). 6 Practically this means using the depreciation rates to construct the terms in squared brackets above and then estimating the following model:
(where i;c = i;c ; C c = C i;c and e x t = x t + x t for x = h; l; z; ln v ; A;and A = 0:1 because age is measured in decades). Note that the coe¢ cients are derivatives of the demand for ‡ow of services (which is assumed proportional to the stocks) with respect to the underlying variables. Derivatives of purchases with respect to the underlying variables (notably age) are obtained by adjusting for the depreciation rate . We expect 4 to be negative, as the own price derivative of the Frisch demand should be negative.
Relating these observations back to our empirical speci…cation (1), we note that:
the age e¤ects A capture the evolution of the agent's taste for durable services as the agent ages.
The cohort e¤ects C capture cohort-speci…c tastes. Households with members from older cohorts might have di¤erent preferences. Such taste di¤erences could result from growing up in a less technologically advanced world. Our 6 0.165 for appliances and 0.183 for electronics hypothesis would be that older cohorts are more detached from modern product innovations and thus we would expect larger expenditures on durables for younger cohorts. However, due to our use of Frisch demands, cohort e¤ects also capture cross cohort di¤erences in the (average) marginal utility of wealth.
Due to the considerable increase in wealth among younger cohorts, we expect this to reinforce the e¤ect of cohort tastes.
There are two ways in which we might deal with the unobserved marginal utility of wealth. First, as just noted, cohort e¤ects will capture the cohort mean of this variable. The remaining individual deviation from cohort mean is by construction uncorrelated with age variables, and so does not matter for the estimation of age pro…les. Alternatively we can exploit the fact that we have true panel data and estimate our model in …rst di¤erencing (eliminating both the marginal utility money and the cohort-speci…c taste e¤ect, as well as any other time-invariant e¤ects.) Below we report estimates based on both of these strategies.
The time e¤ects t capture the depreciated (log) user-cost and changes in the (log) user-cost. Thus, we model time e¤ects as simple functions of user costs and changes in user costs through the term h g ln v t i and make the less restrictive assumption that there are no other time factors a¤ecting the demand for durables considered.
Frictions
Above we have assumed a neoclassical, or frictionless adjustment, model of durables.
The literature on durables has emphasized the importance of adjustment costs, irreversibility and discreteness; see, for example, Bar-Ilan and Blinder (1992); Attanasio (2000) and Grossman and Laroque (1990) . For the goods we model, we believe that adjustment costs are small: buying and installing a new television is straightforward.
However, signi…cant resale discounts suggest an important degree of irreversibility. This has the same e¤ect as an increase in user cost: the marginal utility of durable consumption must rise relative to the marginal utility of nondurable consumption (intuitively, if 'excess'stock cannot be disposed of at the end of the current period, then the cost of nondurable consumption in the current period is higher.) In turn this means that households that face the possibility of excess stock in the next period (in any state of the world) will hold lower stocks of the durable than would be suggested by model with reversibility. Finally, unless durable stocks can be bequeathed, and households value a bequest of a durable equally to a cash bequest of the replacement cost of the stock, the irreversibility constraint will bind at the end of life. This suggests that the expected value of the irreversibility multiplier should increase as the end of life approaches, depressing the desired stock and generating an age e¤ect in durables demand. These age e¤ects, which may be highly nonlinear, will be picked up by ‡exibly estimated age pro…les. 7 
How might this a¤ect life-cycle patterns of durables demand? A formal analysis of irreversibility is provided in Browning and
Results
Our main results are in Table 1 (for appliances) and Table 2 (for electronics). In each case the dependent variable is quantities (or real expenditures) measured in hundred pounds Sterling at 1997 prices. However, because we work with transformed independent variables, see equation (11), the coe¢ cients here (with the exception of the constant) should be interpreted as e¤ects on desired service ‡ows (measured by the real value of the corresponding stock at 1997 prices).
Each column represents a richer speci…cation of the purchases equation. Speci…cation (1) (in column 1) contains only a fourth-order polynomial in age. This speci…cation corresponds to the cross-sectional age pro…les reported in Figure 1 .
Again, for both goods these cross-sectional age pro…les are steeply declining from age 40 onwards and jointly statistically signi…cantly di¤erent from zero, as shown by the F-test at the bottom of column (1) in Tables 1 and 2 .
In speci…cation (2), we allow for non-zero cohort e¤ects (modelled as a quadratic in year of birth). For both durables, we …nd substantial, positive and statistically signi…cant cohort e¤ects that are attributable to higher marginal wealth of younger cohorts and potentially to a stronger preference for durables in younger cohorts, especially for consumer electronics. The introduction of cohort e¤ects leads to insigni…cant age pro…les for appliances (see F test results at the bottom of Tables   1 and 2) , and changes the sign of the age pro…les for electronics, so that demand for quantities of electronics increases (rather than decreases) with age, once cohort patterns are accounted for.
This can also be seen in the lower panels of Figure 3 for appliances and 5 for electronics. The straight lines, labeled as spec. (1), show the strongly negative age pro…les when cohort-speci…c patterns are not taken into account. The dashed lines, depicting the estimated pro…les from speci…cation (2) show the resulting change in the age pro…les. For appliances, these pro…les are not statistically signi…cantly 57.58 p-value 0 0 0 0.00 Robust t statistics in parentheses; * signi…cant at 5%; ** signi…cant at 1% a : quantities are divided by 100 to facilitate the readibility of the results. Age and cohort are measured in decades and normalised to zero at age 60 and 1940s cohort. Reported coe¢ cients are estimates for the coe¢ cients in the stocks eq. (8) from Section 3.2. di¤erent from zero. For electronics, we see increasing demand across all ages that slows down slightly beyond age 65. In Figures 3 and 4 we have adjusted the estimated coe¢ cients by the depreciation rates so that these are the age and cohort pro…les of real expenditures (rather than stocks).
In speci…cations (3) and (4) (again Table 1 for appliances and Table 2 for consumer electronics) we present estimates of our complete speci…cation. 8 This includes, in addition to age and cohort e¤ects, period e¤ects modeled as user costs; household size and composition variables; and controls for the labour supply and health of the household, which are intended to capture non-separabilities between durables services and leisure or health. Speci…cation (4) di¤ers from (3) in that we allow for household …xed e¤ects. The cohort controls in speci…cation (3) (and also speci…ca-tion (2)) capture di¤erences in the marginal utility of wealth between cohorts and cohort-speci…c taste shifters. There will be household speci…c deviations from cohort mean in both the marginal utility of wealth and tastes for durables. However, to the extent that these deviations are time invariant, they are, by construction, orthogonal to age (because, conditional on birth cohort, age varies only with time.)
Thus they should not a¤ect our estimates of the age pro…le. However, this is only strictly true in a balanced panel (and our panel is not balanced). As the BHPS is a panel we can allow for household variation in the marginal utility of wealth and in tastes for durables by introducing household level …xed e¤ects. We do this in speci…cation (4) . Naturally, the introduction of household …xed e¤ects takes out time-invariant variables, notably the birth cohort variables.
The literature suggests that household demographics, especially household size and composition strongly a¤ect the demand for durables (see, e.g. Cohort they are public goods within the household. This may mean that needs do not rise proportionally with household size but it also implies that the e¤ective 'price' of these goods is lower for larger households. This will increase the demand for stocks and subsequently purchases. Appliances are likely to be more public than consumer electronics. Speci…cations (3) and (4) Household labour supply is captured by a variable indicating whether any household members report themselves as retired. If consumer electronics are complements to leisure, we would expect an increased consumption in retirement. Figure 5 shows self-reported retirement status by age in the upper panel and retirement entry age in the lower panel. 9 The distribution of retirement entry age shows two large spikes, at 60 and 65 years, the state pension ages for females and males. This suggests that potential adjustments in durables demand due to changes in leisure with retirement would also bunch around these ages.
Deteriorating health status may shift time use towards (sedentary) activities at home, and increase the demand for labour saving devices. Our measure of the health status of household members re ‡ects the average number of health conditions present in the household. 10 The BHPS contains a set of question asking about thirteen health problems or disabilities such as problems with back or limb, sight, hearing, skin conditions and allergies, chest and breathing, heart and blood pressure, stomach or indigestion, diabetes, anxiety or depression, alcohol or drugs, epilepsy migraine and other conditions. We sum these up for each household member and An examination of the estimates of speci…cation (3) in Tables 1 and 2 , and the This could re ‡ect the fact that the former have large income elasticities (are more luxurious) so that the same cohort di¤erence in wealth (or the marginal utility of wealth) leads to larger di¤erences in demand. Another explanation would be larger cross-cohort di¤erences in tastes for consumer electronics than tastes for appliances.
Turning to the age pro…les, Tables 1 and 2 and Figures 3 and 4 show that they are very little a¤ected by the inclusion of user costs; household size and composition variables; controls for the labour supply and health of the household; and household …xed e¤ects. Both speci…cations (3) and (4) give an age pro…le for appliances demand that is very ‡at (see the top panel of Figure 3 ). For consumer electronics, controlling for household size and composition, labour supply, health and user costs (speci…cation (3)) reduces the positive slope of the age pro…les somewhat, but allowing for household …xed e¤ects moderates this e¤ect (see the top panel of Figure 4 ).
Our preferred speci…cation, with household …xed e¤ects, (4) suggests that at age 60, the desired stock of consumer electronics is growing each year by the amount that could be purchased with 180 pounds in 1997; the corresponding increase in annual purchases is 33 pounds (at 1997 prices) each year.
To summarize, allowing for cohort e¤ects (in speci…cation 2) dramatically changes the estimated age pro…le of durables demands. This is because of the strong cohort e¤ects, with later cohorts (who are younger in our data) having greater demand for both appliances and electronics. This certainly re ‡ects their higher wealth (lower marginal utility of money), and may also re ‡ect cohort average di¤erences in tastes.
In contrast, the inclusion of user costs, household size and composition variables, controls for the labour supply and health of the household, and household …xed e¤ects has very little e¤ect on the estimated age pro…les. Controlling for user costs and for household size, composition, labour supply and health also very little e¤ect on the estimated cohort e¤ects.
The direct e¤ects of these variables on the demand for appliances and for consumer electronics is also of interest. We …nd no e¤ect of user costs on the demand for appliances (suggesting that the demand for appliances is very price-inelastic).
We …nd modest but statistically signi…cant e¤ects of user cost on the demand for electronics. These have the expected negative sign.
While we do …nd the expected positive signi…cant e¤ect of household size for both durables, we do not …nd larger e¤ects for appliances than for electronics. We also do not …nd much evidence of durable purchases that would be speci…c to the age composition of children in the household. Our results are in contrast to the much larger household composition e¤ects found by Fernandez and Krueger (2005) and (2007) who concentrate on large durables such as cars and housing. They also …nd that around half of the age pro…le in spending on larger durables can be explained by dynamics household composition over the life-cycle, while, as noted above, our estimated age pro…les for appliances and consumer electronics are largely una¤ected by accounting for changes in household size and composition. 11 We …nd no evidence that retirement a¤ects the demand for appliances. We …nd a positive e¤ect of retirement on the demand for consumer electronics that becomes statistically signi…cant when we include household …xed e¤ects (in speci…cation (4)).
The magnitude of the e¤ect is to increase the desired stock of consumer electronics by the quantity that could be purchased for forty pounds sterling (about 60 U.S. dollars) in 1997. 12 Health deteriorations, measured as the accumulation of a set of health conditions, are associated with a higher demand for electronics. Again the e¤ect is signi…cant at conventional levels when we allow for household …xed e¤ects. Economically the e¤ect is more modest than the retirement e¤ect. The estimates imply that one additional health condition in the household would raise the desired stock of consumer electronics by the quantity that could be purchased for nine pounds sterling (about 14 U.S. dollars) in 1997. We do not see evidence, in any speci…cation, of an impact of health conditions on the demand for appliances. 11 We also investigated the e¤ect of downsizing in housing or moving to a di¤erent location, e.g. to be closer to their children or closer to shops and amenities. Though much lower than in the US, Banks et al (2007) …nd some evidence of downsizing in housing in the UK. This might be accompanied with increased expenditures as some durables might not …t into the new home or households may have postponed adjusting their durable stock prior to moving. Augmenting our preferred speci…cation with a mover dummy revealed that moving house is strongly and statistically signi…cantly associated with a higher demand for both durables, although the e¤ect appears stronger for appliances. Full results are available from the authors. 12 Similar results (available from the authors) are obtained if we condition on the retirement status of the head of the household rather than on the existence of retired household members.
Discussion
The contribution of this paper is partly methodological. In disentangling age, cohort and period e¤ects, one should take care to apply solutions appropriate to the question at hand. In modeling the life-cycle pro…les of demand for speci…c consumption goods (or equivalent, of the composition of spending), a key period e¤ect may be changes in relative prices or user costs. In our analysis of the life-cycle pattern of demands for home appliances and consumer electronics, we found strong evidence of a time trend in the user costs for both appliances and electronics. The presence of a trend in user costs suggested that restricting period e¤ects to be orthogonal to a time trend was not appropriate in this application and motivated our use of the alternative approach of explicitly modelling period e¤ects. In this application, in which period e¤ects are accounted for by user costs and changes in user costs, this approach appeared to work well. We …nd modest but statistically signi…cant reductions in the demand for electronics with increases in the user cost. The demand for home appliance services appears to be price inelastic.
We …nd signi…cant e¤ects of household size on the demand for both categories of durables. We …nd no impact of leisure or health status on the demand for appliances, but these variables have signi…cant e¤ects on the demand for consumer electronics.
While demographics (and in the case of electronics, user costs, leisure and health status) are signi…cant determinants of demand, they have little material e¤ect on the age pro…le of demands. Once we condition out cohort e¤ects, the age pro…les are quite robust to other changes of speci…cation.
Our estimates suggest that complementarity between consumer electronics and leisure increases the demand for the consumer electronics after retirement. We …nd that poor health has no e¤ect of the demand for appliances but increases demand for consumer electronics. Consumer electronics appear to be substitutes for good health.
Ideally these tests would be with respect to anticipated changes in health and leisure, but we have no plausible instruments. With respect to health changes, it seems likely that a negative health shocks decreases the marginal utility of wealth (leading to higher expenditure). Thus if part of the reductions in health are unanticipated, we are underestimating the degree of substitutability between consumer electronics and health.
The dependence of (marginal) utility on health is very important for a range of policy questions (for example, the optimal provision of health insurance) but there is very little evidence of this point (Finkelstein et al. 2009 ). A number of authors have pointed out that to answer policy questions such as the optimal provision of health insurance, we need to know the overall degree of substitutability or complementarity between consumption and health. This is true, but it does not follow that we should focus on consumption aggregates. As many of the same authors point out, the overall substitutability or complementarity between health and consumption is not obvious exactly because some components of consumption are likely substitutes to good health (consumer electronics, medical aids) while others are likely complements (travel, skis). This implies that the overall degree of substitutability or complementarity between health and consumption is not a structural parameter, but will depend on prices and other factors that shift the pattern of demands. We need to study how health a¤ects demand patterns and the work reported here is one step in that direction. The e¤ects of health on demand is an important topic for further investigation.
The primary motivation for our analysis was to investigate the presence of pure age e¤ects in the demand for medium sized durables. In cross section real expenditures on appliances and consumer electronics decline as households age. The demand for consumer electronics appears to decline particularly rapidly with age. However, when we model demands more carefully we …nd that the downward-sloping agespeci…c pro…le of appliances demand is entirely explained by cohort e¤ects. Once we condition on these, there is no age e¤ect. For consumer electronics, we …nd even larger cohort e¤ects and conditioning on birth cohort reverses the cross-sectional pattern so that demand for electronics rises with age.
These results are very plausible. The larger cohort e¤ects in the demand for consumer electronics could re ‡ect the fact that these good are more luxurious (and so more sensitive to di¤erences in lifetime wealth) or could re ‡ect larger cross-cohort di¤erences in tastes for consumer electronics. Our discrete and somewhat crude measures of leisure and health suggest that both are important determinants of the demand for consumer electronics. Rising demand for electronics with age might in part re ‡ect gradual increases in leisure that are not captured by our retirement variables, and a gradual reorientation of leisure to more sedentary activities. The latter may in turn be associated with gradual reductions in health and physical capacity that are not captured by our crude measure.
This rising demand for some durables with age is (yet another) explanation for the often documented decline in nondurable consumption spending in later life: preferences simply shift towards durables (particularly consumer electronics) with age. The corollary of this explanation is that if we attribute the decline in nondurable consumption to impatience (as in, for example, Gourinchas and Parker, 2002), we are assuming that all demands decline with age and hence will under estimate savings required for retirement.
